The effects of timing, the amount and the frequencies of feeding on the performance of broiler breeders (Ross 308) at the age of 31-38 weeks were studied. The broiler breeders were randomly assigned to each of 15 treatments (T). These included day feedings, in which birds were fed once at 4.00 (T1=control), twice (T2 to T7), thrice a day (T8 to T13) and four (T14 and T15) times per day. The daily feed allotment was divided into different ratios with different time schedules. The nutritional composition of all experimental groups was similar. Eggs were collected at 8.00, 10.00, 14.00 and 16.00. The results obtained showed that feeding schedule resulted in significant differences (P<0.05) in egg production (% hen), as well as in fertility and hatchability. Results obtained in our study suggest that allocation of restricted feed two times a day, in a 75:25 ratio (4.00 and 12.00) improved egg production, fertility and hatchability.
Introduction
In broiler breeders, violating the principles of feeding can result in some unfavourable characteristics such as multiple ovulation and reduced fertility. Broiler breeders are capable of releasing two or three to four follicles per day instead of releasing only one follicle per day. This characteristic occurs when the feeding is over the required amount of energy consumption and it is often accompanied by obesity. In practice, the negative consequences of multiple ovulations are as follows: the production of double yolk eggs which have no application of hatchability and an erratic pattern of egg lying since many of the follicles are lost. Overfeeding can result in the formation of bigger follicles and in some cases, it can result in the formation of two or three replicate hierarchies present in birds fed close to ad-libitum. This issue is so important that overfeeding as little as 10 % can cause an increase in multiple ovulations which is the reason for the decrease in the amount of eggs with good hatchability and also for the irregularity of the laying. Besides those effects it also increases body weight and the egg laying between 15.00 to 6.00, as well as it reduces both sperm reserves in the sperm storage glands and mating activities and consequently fertility (Leeson & Summers 2009 ).
The feed-restriction practices in poultry industry can lead to a decrease in the total egg production, even though the daily feeding is a restriction method with strong interest for broiler breeder hens. Some authors say that even short-term fasting is responsible for the loss of egg production in fasted birds, since the reproductive capability of chickens may be compromised (Tanabe et al. 1981) .
In an everyday feeding program the feed is rapidly consumed and the hens will fast for an extended period of time before their next meal. Moreover, females might not be fed to the proper amount due to competition among them. Splitting the daily feed allotment can ensure that a sufficient volume of feed is provided at each feeding time to minimize competition among the hens. However, the effect of feeding more than once a day is still controversy. Cave (1981) and De Avila et al. (2003) did not found any significant difference in total egg production between broiler breeder hens fed either once or twice a day. Nevertheless, Spradley et al. (2008) found that birds fed twice a day laid more eggs through 42 weeks of age than those fed once a day at the same age (P<0.05). Moradi et al. (2013) also observed that total day egg production in hens fed twice and thrice a day was greater than in those in a once a day feeding program (67.1 and 67.2 vs. 62.2 eggs/hen, P<0.01). Similarly, egg weight was higher (P<0.01) in birds fed more than once a day. However, no differences in fertility and in hatchability were found for the time of oviposition (Zakaria et al. 2005) .
Feeding time seems to have the potential to influence the performance of adult broiler breeder flocks and it is thus of great importance (Backhouse & Gous 2006) . Formerly, feeding breeders in the late afternoon was a standard procedure, but latter studies show that choice of feeding time for adult breeders can influence the production of settable eggs, egg shell quality, fertility and hatchability (Leeson & Summers 2009) . Moreover, later feeding times may delay the time of oviposition. The more important concern raised by the feeding in the late afternoon is the probable reduction of mating activities and the increase of the amount of the broken eggs. Generally, mating activity is greatest in late afternoon. If hens are more interested in feeding at this time, then there can be a reduced mating activity and also more aggression between males (Leeson & Summers 2009 ). Additionally, the later the hens are fed the higher are the chances for the production of eggs with abnormal shells resulting in a reduction in hatchability (Clunies et al. 1993) .
To our knowledge, no experiment has been conducted about the effects of timing, the amount and frequency of feeding of broiler breeder flocks on their reproductive performance. Accordingly, the aim of this experiment was to study the effects of timing, the amount and frequency of feeding on the fertility and the time of laying eggs of the broiler breeders.
Material and methods

Bird husbandry
The experiment was conducted on Ross 308 broiler breeder flocks (420 hens and 60 roosters) during 31th to 38th week of age. The females and males had average weights of 3,300 grams and 4,200 grams, respectively. These birds were randomly assigned to 15 treatment groups, with four replicates per treatment and seven hens and a rooster per replicate. The birds were housed in a fenced hall, 2.8×45×12 m in dimension, with cages measuring 200×150 cm and placed in a row at 1.1 meter above the ground level, equipped with nipple drinker systems (for water ad libitum consumption), elevated perches and 16 nests. Fresh air was provided by fan-powered ventilation and room temperature was maintained with a Priva heater unit. Room's cleaning and disinfection programs were carried out in accordance with current standards. The daily photoperiod consisted of 13 h of light and 11 h of darkness till 22nd weeks of age and continued with 15 h of light and 9 h of darkness from 23rd week till the end of the experiment.
Feeding schedules
Fifteen feeding schedules were applied as it is shown in Table 1 . Briefly, the first treatment (T1=control) consists of one feeding per day (4.00 with 100 % of the diet in the unique meal), the 2nd treatment includes two feedings per day (two equal meals at 4.00 and 16), and so on such as for the 15th treatment which includes four feedings per day (4.00, 8.00, 12.00, and 16.00 as much as 50 %, 17 %, 17 % and 17 % of the total diet respectively).The composition of the diet used throughout the experiment (for males and females) is shown in Table 2 .
Studied traits
The traits measured were: the percentage of fertility, the percentage of hatchability and egg laying. They were recorded in five different fixed times: 8.00, 10.00, 12.00, 14.00 and 16.00.
For determining the percentage of fertility, 30 eggs of each experimental treatment were selected and put into the incubator. The eggs were individually candled at day 12 and the empty eggs were removed. The percentage of fertility was obtained from the relationship between the number of fertile eggs and the total number of eggs placed in an incubator.
The percentage of hatchability was calculated based on the percentage of eggs which actually hatched out as live young: number of eggs hatched/number of fertile eggs. 
Statistical analysis
Evaluation index and sub-ordinate functions were used for comparison of the traits, quantitatively and qualitatively (Excel software). Index values (EI) for assessing the performance of broiler breeders was calculated as follows:
where A is the average of specific traits, B is the average of total specific traits, C is the standard deviation and 50 is the fixed number (Mano et al. 1993) . Sub-ordinate function was calculated as follows (Gower 1971) :
where Xu is the amount of the sub-ordinate function, Xi is the amount of the tested traits of the treatments, and Xmin and Xmax are the minimum and maximum amount of the traits among all the tested treatments.
The evaluation index and sub-ordinate function values for fertility and hatchability were calculated separately and an average index value was obtained. Based on the values obtained, ranks were given for each treatment.
Data related to the measured traits were analysed by SAS statistical software (SAS Institute Inc., Cary, NC, USA) and mean values were compared by Tukey test. The statistical design used was a completely randomized design and the statistical model was as follows:
where μ is the average of the total population, δ j is the effect of the experimental treatment and e ij is the effect of experimental error.
Results
The effect of frequencies of feeding on the time of laying eggs
The application of restricted nutrition in form of more than one feeding per day resulted in changes in the daily times of laying eggs at 8.00, 10.00, 12.00, 14.00 and 16.00. The frequency of feeding affected the time of oviposition in broiler breeders (P<0.05) except at 12.00 (Table  3) . Comparison of experimental treatments in terms of the number (data not shown) and the percentage of produced eggs during the total period of rearing (31-38 weeks) resulted in highest values at 8.00 (22.53 eggs for each female and 47.61 % of laying) and lowest values at 16.00 (2.46 eggs for each female and 5.24 % of laying). Statistical analysis showed that 85.85 % of the eggs were laid till 12.00. However, feeding more than twice a day (treatments T8 to T15) resulted in a better performance at 16.00 in terms of the number and the percentage of laying eggs (Table 3 ).
The effect of frequencies of feeding on the fertility and hatchability
Data obtained from the analysis of fertility and hatchability are presented in Figure 1 . The results obtained for fertility and hatchability of broiler breeders at the age of 38 weeks showed that more than one feeding per day had a significant effect in fertility and hatchability T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 Treatments
Fertility Hatchability
For both fertility and hatchability, different letters indicate significant differences (P<0.05) between treatments. (Figure 1 ). Twice feedings per day (treatment T5) had a higher percentage of fertility and hatchability in comparison with both the control (T1) and T6 treatment, and with thrice (T8, T9, T11 to T13) and four times feedings per day (T14 and T15) (P<0.05; Figure 1 ). Percentage of fertility and hatchability in treatments T14 and T15 (four times feedings per day) did not differ significantly from the control treatment, T1 (P>0.05). Feedings of broiler breeders hens thrice a day with equal amounts of feed (at 6.00, 12.00 and 16.00, treatment T13) resulted in the lowest fertility (despite no significant differences from the control treatment and T14 and T15) while the lowest value for hatchability was observed in treatment T14 (despite no significant differences from the control treatment and T13 and T15). When feeding allowance is twice per day and the interval between the two feeding times is higher than 8 h (T2, T3, T6 and T7), fertility and hatchability decreased, but not significantly (Figure 1) . In this experiment, ranks of feeding treatments for both fertility and hatchability were based on the evaluation index and sub-ordinate function methods. Evaluation index values ranged from 174.43 (T5) to 79.42 (T13) for fertility and ranged from 205.16 (T5) to 56.95 (T14) for hatchability. Treatment T5 has shown higher index values for fertility (1.00) and hatchability (1.00) whereas T13 (0.00) and T14 (0.00) showed lower index values for fertility and hatchability, respectively. Treatment T5 had the highest scores for the evaluation index and the sub-ordinate methods (379.58 and 2.00, respectively). Thus, this treatment is the best treatment for fertility and hatchability.
Discussion
Broiler breeder genetic strains have specific management methods associated with them. Since ad libitum feeding of broiler breeders can cause distress, they are fed restrictively early in life to limit the incidence of reproductive disorders and excessive body weight gain and to optimize reproductive performance. However, egg production can be affected by many other external factors such as specific feed ingredients, bird age and flock management decisions. Small degrees of over or under feeding have been shown to negatively impact egg production (Renema et al. 2008) . Modern broiler breeder hens are typically provided a restricted amount of feed once a day. Cave (1981) demonstrated that feeding broiler breeder hens three times a day increased egg production during the first 10 weeks compared with hens fed once or twice a day. Spradley et al. (2008) reported that broiler breeders fed twice a day laid more and heavier eggs during 42 weeks of age than those fed once a day. They believed that increased egg weight was related to providing feed later in the day (15.00). Time of feeding is another important factor in broiler breeder hens, considering that shell formation normally commences in the afternoon or evening (Bootwalla et al. 1983) . As a result, broiler breeders hens seem to present a feed intake pattern influenced by oviposition: feed intake is decreased 2 h prior to and increased for 4 h after oviposition (Savory 1977) . Brake (1985) found a significant interaction between time of oviposition and feeding time (8.00 versus 13.00) and stated that oviposition time was modified somewhat by feeding time. However, delaying feeding may delay oviposition; moreover, if the laying eggs occur after the final egg collection of the day, these eggs remain on the floor or in the cages until the first collection of next day with negative implications for fertility and hatchability.
In our study, the application of restricted nutrition in form of more than one feeding per day resulted in changes in the daily times of laying eggs at 8.00, 10.00, 14.00 and 16.00. Overall, our results shown that 85.85 % of the laid eggs were obtained until 12.00 which is consistent with the time required for the process of shell formation.
Differences in total egg production were observed in our study. Hens fed two times a day (earlier in the morning and at 12.00) had better egg production compared with those fed once, thrice and four times a day. Our results are consistent with previous reports related to feeding regimens on reproductive performance. Those studies suggest that allocation of restricted feed two times a day improve reproductive performance in broiler breeder hens (de Avila et al. 2003 , Spradley et al. 2008 , Taherkhani et al. 2010 , Moradi et al. 2013 . In our study the best performance was achieved with 75 % of feed allowance at 16.00 and 25 % at 12.00.
Fertility and hatchability are interrelated heritable traits that vary among breed, variety and individuals (King'ori 2011) . Hatchability can be influenced by many factors including the fertility of the breeders and the shell quality. In order to omit the effect of the fertility of the roosters, they were periodically changed between pens.
Results suggest that feeding hens thrice and four times a day has no advantages compared with a twice a day feeding program. Moreover, broiler breeder hens feed twice a day showed a higher percentage of fertility and hatchability in comparison with the control group. Treatments with feed allowance until 12.00, inclusive (T4 and T5) had a higher rate of fertility and hatchability in comparison with the other treatments that included afternoon feeding. In our study, the observed increase in fertility and hatchability for hens fed twice a day compared with those fed once, thrice and four times a day is consistent with results reported for some investigation (Spradley et al. 2008) .
The physical characteristics of the egg, including egg weight, play an important role in the processes of embryo development and successful hatching (Narushin & Romanov 2002) . Spradley et al. (2008) believed that increased egg weight was related to providing feed later in the day (15.00) rather than feeding the hens twice a day. However, our results are consistent with the work of Taherkhani et al. (2010) that suggest that increased fertility and hatchability may be explained by a more efficient utilization of food due to an increased feeding frequency.
In the more-than-twice-a-day feeding treatments, maybe the stress caused by the increased feed allowance could be detrimental to fertility and hatchability. Kohne et al. (1973) reported that feeding time is a factor that may lead to heat stress, due to the heat increment from exothermic reactions that happen during feed metabolism. Splitting the daily feed allotment into a 75 : 25 ratio provides not only a sufficient volume of feed at both feeding times to minimize competition amongst the birds but also seems to reduce the heat stress in hens.
In conclusion, this study revealed that the best performance in terms of total egg production, fertility and hatchability is attained by feeding hens twice per day with 75 % of the feed at 16.00 and 25 % of the feed at 12.00.
